Piospheres in semi-arid areas are gradients of animal impacts around watering holes. Few studies have examined the impact dynamics of herbaceous and woody species composition and abundance in relation to piospheres in East Africa. In this study, we identified the trend in piosphere development, assessed piosphere use and change indicators, and identified herbaceous and woody plant structure in relation to piospheres in the Karamoja sub-region, Uganda. Results revealed that piosphere development has been reactionary to drought and/or insecurity events and increased rapidly in the last decade. A diversity of herbaceous and woody plants exists around the piospheres. Use and change indicators revealed high trampling and grazing intensity, high presence of erosion signs and low litter cover. Gradient distance had both positive and negative effects on trampling intensity, percent exposure and plant height, respectively. A negative and positive effect of gradient distance was also observed on different herbaceous and woody forage species leading to the identification of both increaser and decreaser species around the piospheres. Therefore, as concentrated use of the piospheres continues unabated, an outward ripple effect leading to loss and/or increase of undesirable herbaceous and woody species will be felt. This will have an impact on the composition and abundance dynamics of desirable forage species in the sub-region.
Background
East Africa's pastoralists occupying semi-arid lands rely on the exploitation of native forage resources to sustain their livestock production. In these areas, water and forage are thus important resources (Awa et al. 2002) . However, semi-arid regions are characterised with limitations of water and forage that often trigger crisis situations during extreme climatic events, in particular during a drought. The availability of any one of these resources at any given location in a semi-arid landscape will determine the level of herbivore influence on vegetation dynamics at both spatial and temporal scales (Yu and Wu 2010; Wesuls et al. 2013) . The intensity of herbivore influence is dependent on the spatio-temporal patterns of foraging decisions (Landman et al. 2012 ). Proximity to water, topography and the availability of food have been identified as key determinants of foraging decisions at landscape level (Bailey and Provenza 2008; Ash et al. 2004) . These foraging decisions have impacts on biological diversity because herbivore foraging affects various aspects of vegetation dynamics (Landman et al. 2012) . Further, adaptive components such as deferred resting of grazing sites to protect forage plants during critical life stages are important in influencing vegetation dynamics (Linstädter et al. 2013) .
In arid and semi-arid ecosystems, where standing surface water is scarce, the introduction of artificial watering sources has significant ecological effects (Brooks et al. 2006) . This is because these artificial water sources introduce focused grazing and activity patterns around them (Andrew 1988) . It is these activity patterns that introduce the disturbance gradient called 'a piosphere' (Lange 1969) . Thus, a piosphere is an indicator of the localized impact of grazing on vegetation and soils. It has a radiating zone of attenuating animal impact away from a concentrator such as water, mineral licks and bedding grounds among others (Washington-Allen et al. 2004) . Piospheres can be created by both wild and domesticated animals (Brooks et al. 2006 ) and can be visualized as a hub, in which distances from the hub can be marked off with concentric rings. The space between the concentric rings will represent the available foraging area at that distance from the hub-water source (Derry 2004) .
Piosphere influence resulting from activity gradients has been largely studied with a focus on large herbivores such as elephants (Landman et al. 2012; Sternberg 2012) . Distance-dependent effects including declines in perennial plants and species richness as well as structural diversity of perennial plants have been observed (Brooks et al. 2006; Landman et al. 2012) . Further, their influence on soil nutrients (Stumpp et al. 2005) , landscape degradation (James et al. 1999) , soil compaction and erosion (Mugerwa et al. 2014) , and variation in biomass defoliation and trampling (Shahriary et al. 2012 ) has been observed. Also, changes in forage species composition with increased presence of unpalatable perennial shrubs beyond the zone of extreme degradation coupled with a decrease in the abundance of palatable native perennial grasses have been documented (James et al. 1999) . Further, Hoshino et al. (2009) showed that vegetation changes along the grazing gradient are characterized with changes in cover of life forms, particularly perennial species being replaced by annual species in close proximity to the piospheres. Further, an ecological niche of vegetation communities with fast growth characteristics that are well adapted to intense and frequent grazing and are also associated with forage of high nutritional quality has been observed to flourish within the sacrifice zone around the water points (Moreno García et al. 2014) .
Much as these studies have shown herbivore effects associated with piospheres, a dearth of information necessary to facilitate the management of piosphere impacts in Karamoja sub-region pertains. Information specific to the effects of piospheres created by domestic livestock is particularly important in the management of rangelands as they tend to create spatial patterns on an otherwise homogeneous vegetation (Adler and Hall 2005; Brooks et al. 2006) . This is important in most semi-arid regions where piosphere development has been undertaken. In particular, information regarding the ecological effects of these piospheres on forage resources is lacking. Therefore, this study was set out to examine the effect of piospheres on forage species composition and abundance as indicators of their potential influence on forage dynamics in the sub-region. Specifically, this study was set out to (i) identify the trend in piosphere development and assess the status of use and change indicators, and (ii) identify herbaceous and woody plant structure in relation to piospheres in Karamoja sub-region.
Materials and methods

Study area
Located in northeastern Uganda (Fig. 1) , Karamoja subregion is a semi-arid region characterized by unpredictable rainfall and high temperatures (Dyer et al. 2008; Mubiru 2010) . The sub-region is dominated by savanna grasslands punctuated by isolated woodlands on the slopes and tops of mountains. The sub-region is dominated by ephemeral streams that flow east to west. Pastoral and agro-pastoral livestock herding forms the basis. The subregion's topography consists of a low-lying plateau, rolling plains and broad rolling to flat plains rising to an altitude of 1,000 to 1,440 m in most locations. The sub-region's soils are from the Precambrian basement complex and consist of sands, loamy sands of low water holding capacity and black cracking cotton clays-vertisols (Nakileza et al. 1999) . Traditionally, the Karamojong obtained water from hand-dug wells, pans, ponds, ephemeral streams and shallow wells dug at the river beds. Livestock is grazed on native forages at local, landscape and regional scale depending on season, availability of pasture and water in the grazing landscapes.
Piosphere mapping
Piospheres were mapped using a hand-held Global Positioning System (GPS). The mapping exercise specifically targeted water sources for livestock including dams, pans, valley tanks and rock catchments as well as protected kraals. Protected kraals refer to night kraaling areas (locally known as bomas) where security is provided to herders by the Uganda Peoples Defense Forces (UPDF). The purpose is to protect the livestock of disarmed herders and warriors from armed rustlers. The mapping exercise was conducted in all the seven districts in the sub-region including Moroto, Kotido, Abim, Kaabong, Nakapiripirit, Napak and Amudat. Piosphere attributes (applicable to waterhole) including the year of construction were collected. Protected kraal attributes included number of livestock and duration of the kraal at the current location. Additional spatial data on water sources was obtained from the Humanitarian Response Common Operational Datasets-Fundamental Operational Datasets (COD-FOD) data registry (https:// cod.humanitarianresponse.info) of the United Nations Office for the Coordination of Humanitarian Assistance (UNOCHA). The data archived by the Humanitarian Response repository is a collection of data provided by UNOCHA obtained from different stakeholders working within northern Uganda. This data was essential in providing a comprehensive state of the spatial distribution of all water sources in Karamoja sub-region.
Assessment of use and change indicators of piosphere
In order to understand the state of waterhole and protected kraal piospheres, use and change indicators were assessed (Table 1) . Use indicators that were assessed included trampling intensity and grazing intensity of both herbaceous and browse forage species. On the other hand, change indicators assessed included erosion features such as rills, gullies, pedestals, litter dams and soil surface hardness. This study adopted the Riginos and Herrick (2010) guidelines for rangeland health monitoring with few modifications.
Effect of piospheres on forage species abundance
Herbaceous forage species data was collected within and around piospheres (protected kraal and waterhole). A total of nine waterholes were assessed (considering the generally uniform topography and soil types), four replicates in each district (Moroto and Kotido). The choice of waterholes for monitoring depended on accessibility and security status (briefing and clearance provided by the UPDF stationed near all major livestock water sources). We monitored four protected kraals including two in Kotido district, one in Moroto district and one in Nakapiripirit district, respectively. The protected kraals considered were those that had lasted at least two years in the same location. A north-south and east-west transect approach was utilized. Each transect started 5 m away from the piosphere periphery (a piosphere periphery was defined as the edge of a waterhole rim-mound of soil that form sort of a barrier reef to provide for water accumulation) and stretched for a distance of 100 m. Herbaceous species were assessed after every 25 m within a 1-m nested quadrat. Available species were identified and tufts counted and recorded. On the other hand, woody species were assessed on a 5-m quadrat after every 25 m; all species present were identified, counted and recorded. Owing to the ephemeral nature of the streams in the sub-region that make accessibility to the different areas unpredictable during the wet season, waterholes considered for assessment were within a 10-to 15-km-foot walking distance from a motorable road (in at least the worst condition when the roads were cut off). All species that could not readily be identified on-site were transported to Makerere University for identification.
Data processing and analysis
Piosphere spatial data recorded using the GPS was downloaded using MapSource software and processed in ArcGIS 10.1 from where piosphere spatial distribution maps were developed. Descriptive and trend statistics of piosphere development (1924 to 2012) , piosphere use and change indicators were generated using XL-STAT. In determining the influence of grazing intensity on piosphere use and change indicators, we utilised distance from the piosphere as a proxy indicator of grazing intensity. Distance as a proxy indicator of grazing intensity in piosphere analysis has previously been applied by Thomas and Twyman (2004) and Wesuls et al. (2013) in the Kalahari and Namibia semi-arid areas, respectively. The effect of grazing intensity on use indicators (trampling intensity, plant height and percent exposure) was assessed by performing a generalized linear regression. Prior to undertaking a loglinear regression, we used principal component analysis (PCA) to explore how distance influences herbaceous and woody species composition distribution at the piospheres. Species whose eigenvectors had the lowest eigenvalues were generally excluded from further analysis in the loglinear regression because they had the least information about the species distribution at the piospheres. In assessing the effect of grazing intensity on herbaceous and woody species abundance (because species abundance were counts), a log-linear regression was applied; this is because both herbaceous and woody species data were count data and best analysed using a log-linear Poisson regression.
This method can deal with several difficulties inherent to observation data such as missing values, over-and under-sampling of particular strata, serial correlation and deviations from the Poisson distribution. Further, the method is capable of testing the effects of covariates on the changes so that the impact of activities on change can be investigated (Van Strien et al. 2004 ). Both generalized and log-linear regression analyses were performed in Gen-Stat 12th edition.
Results
Trends in piosphere development and spatial distribution
Spatially, seven concentration zones of water sources were mapped in Karamoja sub-region ( Fig. 2 ) with a total of 1,271 water sources with 58 % of these being boreholes. Seventy-nine percent of the water sources documented were constructed in the last decade (2000 to 2012). Water sources purposely constructed for livestock constituted 11 % of the total water sources in the sub-region. Three phases of water source construction were observed: the first phase (1924 to 1979), second phase (1980 to 1999) and third phase (2000 to 2012); these represented 4.3 %, 16.7 % and 79 % of the water sources constructed in the region, respectively (Fig. 3) .
Status of waterhole and protected kraal piospheres
On average, a low litter cover and high grazing intensity were observed around both the waterhole and protected kraal piospheres. The soil around the waterholes were generally loose and detached (Table 2) . Despite the pronounced presence (86.3 %) of erosion signs around the waterholes, there was differentiated presence of erosion indicators (rills, gullies, litter dams and pedestals). For example, rills were present in only 39.1 % of the waterhole piosphere sampling plots. In the protected kraals, a low litter cover, high grazing intensity, high percent exposure, as well as presence of erosion indicators were observed. Compared to the waterholes, protected kraals depicted a very hard soil surface with a conspicuous absence of gullies (Table 3 ). The influence of grazing intensity on change indicators was tested using a generalized linear regression. Results showed that distance had a significant and positive influence on herbaceous plant height and grazing intensity as one moved away from the piosphere centre, the sacrifice zone (Table 4 ; also see Additional file 1: Figures A1 to A4). On the other hand, grazing intensity decreased outward.
Herbaceous and woody species composition
Thirty-four (34) and twenty-six (26) herbaceous grass species were recorded at the waterhole and protected kraal piospheres, respectively. In both the waterholes and protected kraals, Cynodon dactylon and Chloris pychnothrix were the most abundant species (Table 5) . At the waterholes, we found Aristida adscensionis, Cynodon nlemfuensis, Hyparrhenia rufa, Oxytenanthera abyssinica and Cenchrus ciliaris to be the most abundant grass species. Meanwhile, Paspalm scrobiculatum, Melinis repens, Digitaria vellutina and Eleusine Coracana were the most abundant species observed around the protected kraals (Table 5) . A total of 37 woody plants were identified at the waterhole piospheres (Table 6) with Triumfetta annua (14.3 %) and Indigofera erecta (3.8 %) being the most abundant woody species observed. There were however additional 58 other plant species (herbs and forbs) that were observed around the waterholes (Table 6) . Thirty-four woody species were observed around the protected kraals in Karamoja. We also documented additional 38 other plant species (herbs and forbs) at the protected kraals. Solanum incanum, Ormocarpum trichnocarpa and Lannea humilis had high abundance at the protected kraals (Table 7) .
Effect of piospheres on forage species abundance
Results showed that gradient distance has a significant effect on species composition and abundance at both waterhole and protected kraal piospheres in Karamoja (Fig. 4a, b, c, d) . Table 8 (waterholes) presents a summary of model results that revealed that herbaceous species Cynodon nlemfuensis, Hyparrhenia rufa, Aristida adscensionis, Oxytenanthera abyssinica, Hyparrhenia filipendula, Echinochloa haploclada, Chloris pychnothrix and Chloris virgata significantly increased with distance away from the waterhole piosphere (Table 8 ; also see Additional file 2: Figures B1 to B14 ). This pattern revealed increasing distance dependence thus showing that these species have decreaser forage species characteristic (species that increase with a decrease in grazing pressure). Meanwhile, Cynodon dactylon, Hyparrhenia newtonii, Sporobolus pyrimidalis and Sporobolus stapfianus significantly decreased with an increase in gradient distance, thus indicative of increaser grass species.
Unlike with grass species, there were few woody species that were statistically significant at the waterhole piospheres (Table 9 ). Both positive and negative significant effects of gradient distance on forage species abundance in waterhole piospheres were observed (Additional file 3: Figures C1 to C7). Acacia xanthopholea was found to steadily establish itself as gradient distance from the focus increased. This trend was similarly observed with Acacia drepanolobium, Euphorbia spp., Maerua pseudopetalosa and Triumfetta annua (Table 9 ). This means that these woody plant species have increaser plant characteristics. On the other hand, species such as Acacia senegal and Cassia obtusifolia decreased as distance increased away from the piospheres.
Model results from the protected kraals revealed that Melinis repens and Panicum maximum significantly increased with gradient distance (P ≤ 0.05), indicating that their abundance increased away from the protected kraal focus. On the other hand, Cynodon dactylon, Brachiaria jubata and Echinochloa haploclada decreased with an increasing distance away from the protected kraals (P ≤ 0.05). Similarly, Sporobolus stapfianus, Eragrostis superba, Digitaria vellutina and Setaria spp. were significant and negatively influenced by distance. On the other hand, Pennisetum mezainum, Brachiaria platynota, Melinis repens and Chloris pychnothrix increased (P ≤ 0.05) away from the piosphere (Table 10 ; also see Additional file 4: Figures  D1 to D16) . Model results for woody species at the protected kraals showed that Acacia drepanolobium increased away from the protected kraal hubs while Solanum incanum decreased with an increase in gradient distance at the protected kraals (Table 11 ; also see Additional file 5: Figures E1 and E2 ).
Discussion
Trends in piosphere development and spatial distribution Waterhole development in Karamoja took three phases (1924 to 1979, 1980 to 1999, 2000 to 2012) with most of the current water sources constructed in the third phase. The first recorded water source development in the region was marked in 1924. According to Barber (1962) , this appears to be the first colonial response to drought events in the region particularly emerging out of the late 1890s drought. These initial steps continued reaching the first peak period between 1948 and 1962. Knighton (2006) opined that in between 1924 and 1962, drought events were recorded in 1927 to 1930 and 1933 to 1934 . Further, a series of drought events (multi-year) were observed in 1939 and 1943 to 1946 . This period eventually came to be known as 'Lokwakoit' -white bones indicating the severe drought that killed cattle in great numbers (Gray 2013) . As a result, a drive for the construction of dams was launched in 1941, thus explaining the increase in the importance of artificial water sources in the region particularly between 1948 and 1962. Similarly, the second phase emerged out of continued response to drought events of the 1970s and early 1980s. Like other drought events, these were similarly observed to have led to considerable collapse of livestock herds and caused food shortages as well as famine in the sub-region (Gray et al. 2003) . Like the first and the second phases, the third phase coincides with the 1999/2000 and 2008/2009 drought events that led to severe water shortages and livestock losses (Sundal 2009; Mubiru 2010) . However, the third phase had another dimension: it corresponded to the Government of Uganda (GoU) reactivation of the disarmament programme. It is important to note that disarmament initiatives had hitherto been undertaken in 1945, 1953, 1954, 1960, 1964, 1984 and 1987, albeit with minimal success to write about (Powell 2010) . The reactivated disarmament programme in the 2000s came with a difference in that GoU operationalized the development of water for production and livestock, with the protected kraal system, as strategies to ensure safety of the disarmed communities and promotion of peace (Stites et al. 2007; GoU 2007) . The GoU, desperate to avert crisis, rapidly developed water sources and similarly increased the number of protected kraals to accommodate the disarmed communities' livestock. This led to the observed exponential increase in the number of piospheres (both waterholes and protected kraals) in the region in the last decade. In addition, the entry of several development organizations (both local and international) into the region in the last decade further accelerated the construction of several water sources. Most of the development organizations and partners were shifting their operations from northern Uganda following the return of relative peace after the defeat of the Lord's Resistance Army (LRA) insurgents.
Meanwhile, the spatial clustering that was observed in this study is attributable to the tremendous number of boreholes that were drilled to provide domestic water rather than water for livestock and/or for production. This spatial clustering led to the disproportionate distribution of water sources in the sub-region, leading to high grazing intensity and localized degradation (Mugerwa et al. 2014 ). In addition, several water sources and protected kraals were developed in close proximity to settlements (manyattas) and croplands (personal observations). This also increased the concentration of locus zones with the piospheric concentration effect on grass and woody species gradually and rapidly evolving. It is generally acknowledged that while artificial water sources provide water for domestic stock, native and feral mammalian herbivores, they create grazing locus zones with differentiated impacts on vegetation cover (James et al. 1999) . Further, when such developments become pronounced, they interfere with pastoral mobility; this was observed as herders barely move over long distances for extended periods in search of water and pasture. This is because their movements are now being controlled and defined by the locus of waterholes and the potential for erecting protected kraals in the region. However, reducing the mobility of people and herds in response to environmental stress tends to promote high grazing pressure around the locus as well as undermining local strategies that facilitate recovery of the rangelands during drought intervals (Gray et al. 2003) .
Status of waterhole and protected kraal piospheres
In this study, a high grazing intensity, high percent exposure and low litter cover were observed around the waterholes and protected kraals. The high percent exposure and low litter cover are attributable to the high grazing and trampling effect observed around the piosphere. These Dune et al. (2011) who established that trampling reduced plant cover, biomass and, at the highest rate, plant regeneration. It further exacerbated soil loss as a result of reduced vegetation cover and disturbed surface layers. The disturbed surface soil layers with loose soils were similarly documented in this study and could be attributed to the convergence effect of livestock from different kraals at the waterholes. Thus, the disturbed loose soil surface at the waterhole piospheres could help account for the observed erosion gullies. However, in the protected kraals, soil surface layers were generally very compact. This difference between waterhole and protected kraal piospheres could be attributed to variation in soil types and locations where the different piospheres are established. For example, protected kraals were generally located on raised lands with sandy loam soils while waterholes were situated on low-lying areas dominated by black cotton clay soils. Table 9 Waterhole piosphere effect on woody species This pattern has been previously documented by Oba (2012) in a study among the Matheniko of Karamoja sub-region. Unlike Sasaki et al. (2008) and Smet and Ward (2006) who observed that grazing-affected parameters respond in a nonlinear manner to distance, we found a strong and positive linearized response to distance. Our results corroborate the findings of Manthey and Peper (2010) who noted that within the first few metres, strong piosphere changes are detectable with strong linearized predictions that effectively describe the piosphere concept (Macchi and Grau 2012) that has similarly been observed in this study. Grazing intensity was observed to gradually decrease away from the piosphere as the herbaceous plant height increased away from the piosphere. This also corroborates the findings of Shahriary et al. (2012) who observed in the Iranian piospheres that height of palatable species increased significantly with distance from watering points. It has hitherto been observed that a piosphere consists of a 'sacrifice zone' directly at the hotspot that is free of vegetation. This zone is subsequently followed by a transition zone that shifts nearly homogenously to a grazed zone. This grazed zone merges gradually into undisturbed natural vegetation that is hardly influenced by grazing (Manthey and Peper 2010) . While the piosphere zone has been depicted to be devoid of vegetation; this assertion was relatively feasible in the protected kraals piospheres. On the other hand, we observed a gradual pattern with the sacrifice zone having low vegetation but gradually improving outward as has been previously articulated by several authors (Andrew 1988; Tarhouni et al. 2010; Manthey and Peper 2010) . According to Macchi and Grau (2012) , piospheres represent rather paradoxical landscape patterns, where the supply of the key limiting factor in an ecosystem (in the case of this study, water and security in the protected kraals) results in biomass reduction and overall ecosystem degradation.
Effect of piospheres on herbaceous and woody species abundance
This study observed a relatively high number of grass and woody species at waterholes and the protected kraals in Karamoja. This pattern could be attributed to (i) location differences, with waterholes being located at low-lying areas; (ii) convergence of livestock grazed in different landscapes leading to a pool of different species; and (iii) differences in plant resistance to piospheric effects including trampling, soil compaction and grazing intensity. According to Sternberg (2012) , herder influences on pasture conditions can be obtained at piospheres; this is because livestock helps to shape piosphere dynamics in addition to other distinctive processes in the drylands. Plant species richness and density have been observed to vary with the piosphere type, size and distance from the grazing hotspot. For example, Zemmrich et al. (2007) established distance- 
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Ln ( plant density dependence in western Mongolia. Our results also corroborate with the findings of Teka et al. (2013) and Rajabov (2009) who observed differences in herbaceous species abundance and density along the gradient in Southern Ethiopia and in the piospheres of Uzbekistan, respectively. We observed that Cynodon dactylon had a high relative abundance in both the waterhole and protected kraal piospheres. Cynodon dactylon has been observed to be extremely tolerant to heavy grazing and withstand severe fires, adaptable to various soils and climate regimes, and is tolerant to salinity and flooding (Rita et al. 2012) . Like Cynodon, Chloris pychnothrix, Sporobolus stapfianus belong to the Chloridoideae species group (Barboni et al. 2007 ). These species have been known to occur in abundance in heavily as well as lightly grazed grasslands (Abule et al. 2005) . Further, Stride (1997) observed that these grasses also tend to increase near watering points because they are in a position to withstand severe over-grazing (Abule et al. 2007 ). Thus, this study's results are in agreement with such observations. We however note that a number of herbaceous species had a low abundance observed at the piospheres, indicating their limited ability to flourish in high grazing pressure.
Piosphere patterns are always detected in herbaceous species composition (Thrash and Derry 1999) , and the species response to grazing is often varied (Wesuls et al. 2013) . This study has shown differentiated species response to piosphere grazing. For example, some herbaceous species such as Aristida adscensionis, Chloris pychnothrix, Chloris virgata, Cynodon nlemfuensis, Echinochloa haploclada and Hyparrhenia filipendula increased away from the piosphere. This finding corroborates the findings of Zemmrich et al. (2007) in western Mongolia who established that as grazing pressure decreased, plant density per plot increased away from the zone of maximum grazing. It further corroborates the findings of Landsberg et al. (2002) who observed that watering points had a predominantly negative effect on species abundance on a regional scale. Decreasing trends in species with increasing proximity to watering points have been observed by several studies (Brooks et al. 2006; Todd 2006) . Some of these species such as Aristida adscensionis have been identified by Abule et al. (2007) as less desirable grass species found in disturbed areas and indicative of poor rangeland condition.
On the other hand, herbaceous species such as Sporobolus stapfianus, Sporobolus pyrimidalis, Cenchrus ciliaris, Brachiaria jubata, Dactyloctenium aegyptica, Eragrostis cilliaris, Echinochloa haploclada, Digitaria vellutina and Cynodon dactylon decreased with distance away from the piosphere. This finding contrasts with the findings of Fusco et al. (1995) in which Sporobolus spp. was found to increase as distance from the waterhole increased. Similarly, Thrash and Derry (1999) noted that Cynodon dactylon has been observed to increase away from the piosphere. However, our results corroborate the earlier findings of Mansour et al. (2012) and Oluwole et al. (2008) who observed that species such as Eragrostis spp. and Sporobolus spp. are often considered as increaser II species; these species increase in abundance when the rangeland is over-utilised (Du Toit 2009). Our findings corroborate these earlier findings because herbaceous forage species Eragrostis superba, Eragrostis ciliaris, Sporobolus stapfianus and Sporobolus pyrimidalis were in close proximity to the piosphere. These species have previously been used as indicator species of rangeland degradation. For example, Mansour et al. (2012) discussed that rangeland condition can be classified using these increaser species; thus moderate condition can be identified using increaser I (e.g. Hyparrhenia spp.); poorincreaser II (e.g. Eragrostis spp. and Hyparrhenia spp.); and highly degraded-increaser III (e.g. Aristida spp.). This study has shown the existence of all these species in the piospheres of Karamoja, indicating existence of multiple states at the piospheres. The existence of increaser I (increase in abundance with under-utilization, e.g. Hyparrhenia filipendula, Hyparrhenia rufa) and increaser III (increase in abundance in areas that are selectively grazed, e.g. Aristida adscensionis) species in the study area can be explained by the observed variation in piosphere status. It is important to note that increaser III species such as Aristida adscensionis were only observed around the waterhole piospheres.
Differentiated occurrence of woody species with both increasing and decreasing patterns with proximity to and away from the piosphere was observed in this study. The increase of Acacia drepanolobium, Acacia xanthopholea, Maerua pseudopetalosa and Aspilia mossambicensis away from the locus could be attributed to rapid regeneration ability that these woody species have after the establishment of the piosphere. However, they are also susceptible to decline in quantity as a result of increased grazing pressure because their mean presence declines with proximity to the piospheres. Thus, their ability to provide browse under high grazing pressure may be limited. Pastoralists in Amboseli Kenya, when building kraals (bomas) have been found to clear trees with 20 cm basal diameter and those less within 150 m from the boma (Muchiru et al. 2008 ); making such trees highly susceptible to cut and burn. In Karamoja, clearance at the protected kraal is mandatory not only for security reasons but also for the establishment of kraals because woody plants, particularly thorny acacia, provide building materials. On the other hand, when establishing waterholes, woody plant clearance is not as widespread as in protected kraals (personal observations). Our results corroborate the findings of ChamailleJammes et al. (2009) who observed lower woody cover average at close proximity to the piosphere with an outward increase. Further, like in the findings of Mphinyane (2001) in which Acacia gerrardii's density increased with distance away from the piosphere (cattle post), several woody species (e.g. Acacia drepanolobium, Acacia xanthopholea, Maerua pseudopetalosa and Triumfetta annua) were found to increase outward with the gradient distance. However, it contrasts with the findings of Sternberg (2012) in a study in the Mongolian plateau which showed that vegetation was greater near water points and decreased with distance.
Some species such as Acacia nilotica, Acacia senegal, Ocimum canum, Lannea humilis, Solanum incanum and Leucas martinicensis however decreased with increase in gradient distance from waterholes. Acacia nilotica has been identified as type III increaser species (Strohbach 2000) . In the Karamoja piospheres, these species that decreased away from the piosphere revealed a limited abundance in the rangeland. This corroborates species-wise findings of Strohbach (2000) in northern Oshikoto region of Namibia and Muchiru et al. (2008) in Amboseli, Kenya. Further, Acacia nilotica has been observed as a significant threat to native vegetation, as it leads to decline in cover and abundance of native species (Howes and McAlpine 2008) . In Karamoja, we observed that Acacia nilotica had formed a bush and there was significant deficiency of herbaceous understory as well as other woody plants. A few tufts of both woody and herbaceous plants existed at the base of Acacia nilotica trees, but these were not accessible to livestock for grazing. Consequently, livestock, mainly goats and sheep, foraged on the outside branches up to their stretch height.
Notably, where mature Acacia nilotica trees existed (particularly along river banks), goats and sheep foraged on their pods. The negative slope observed with respect to Acacia senegal can be explained by traditional conservation practice in which it is preserved for resin locally used for its incense (no large commercial use in Karamoja has been documented as for example Sudan, e.g. Eisa et al. 2008) . We also observed that around some waterholes, Acacia senegal was allowed to form a bush canopy to shield the dam from strong winds. According to Eisa et al. (2008) , Acacia senegal's availability is affected by fires that kill off seedlings and damage trees. In the case of Karamoja, cutting off large branches (in this case for establishing kraals/bomas), defoliation by goats and camels, and attack from fungi and termites can be probable explanations for the negative slope observed along the gradient distance; this needs further scientific investigation. Herbs with woody stokes such as Solanum incanum had a negative slope indicating a high mean density of plants in proximity to the piospheres. The high abundance of Solanum incanum in disturbed patches has been documented in Ithala Game Reserve, KwaZulu-Natal, and with close proximity to the watering point in southern Kalahari Duneveld, respectively (Hebbelmann 2013; Horn 2008) .
